The Pressure Dependence of Retentlon Volumes

Yods ariicle recpens

F. B. Clough

the question of hcy to use the net retention

ve uror of substances in jas-liquid chromatography to caleculate their

ac:ivity coofficients In the liquids which serve as stationary phase,

~

Th: soradard state for thz solute is chosen to be the pure liquid solute

under [ts own vapor.

()

Cone hare adoptcd the pure llquid &t zero pressure as standard

stite. This sees undesicable, sinece it Involves the quantity IOO uodp,
P

which < an only b2 evaluata:d If the molar voiume of the pure solute,

-
4O

fe kon as p =9, For v>latile liquids this quantity Is impossible to

measus» and in practice taic integral Is arbitrarily set equal to (-vvopo)o

Ir tr: ting free energlies of mixing, it Is customary to refer to the pure

liquiz under its own vapor,

(2)

so that Racuitls law gives i - p = RT{n¥,

0

Other 'se, for azother standard pressure p', p = p® = RTnX + J B wadpo

(2)

Zrwlinson

has pointed cut that the uncertainty in the va%uc of

j vdp -;akes the concept of excess free energies of mixing {and sctivity

ccafil-fents) Inapplicabie when pressures of more than about 3 a:mospheres

arz i, 0lvad, Ve encounter a similar consideration in our analysis of

thz aret avaluction of octivity coefflclents from GLC data, and we

arrfve at an axpression
which ‘s d ' fferent from -
tha o et clolue or

cvalun fon of JR dp, and

~hat of Everett.

(1)

“or the pressure cependence of retentlon volumes

The disagreement arises from

. tandard states arnd the approximations invclved fin

>

seens Impossible to judge the relative rerits of
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2.

the two expressjons by purely thermodynamic acc urents, Tho o-ese

: dependenc ?
is seail, but the Issue beccmes important If ore hopes -0 use the  w: rved
pressure dependence to evaluste second virial csefficients of vhe « riier gas.
or Interaction virial coefficients, |

We shall let (KML) represent the experimercal quantity (3 sk ‘o lowing
discussion, although it is of course V; and VM shich are directly < Loorved,
The famliliar expression relating net retention volume and the par i

. ; (o] b R .
goeftlicient is VR~ VM = ;’;;T')- cUG = K\iLa Tre activivy toeific 4

‘A
defired by By - MIO = RTlnyEl, where vy Is a colstant at any gliver --e sure
for sufficiently small mole fractions, and y - | for X = 1 urider FrIsUre
equal to the vapor pressure, p°D of pure liquic solute,

The thermodynamic treaivents all rest on :he assumptisn chat e fiow
through the column is cufficiently slow to pes it themmody. ¢ ¢ coxcium
to be established at each pcint in the column Hut mot 1o 33w th baclward
diffision Is sigaificant), Conseauently. chem ¢zl poter ticiz arc vt in
the stationary and gas phase, For the solute & the voror phreao, =
custemary to use a standard state different frun that used for th ticu.d ==

| ,k a6
raferring the vapor chemica’ potential to zero :>ressure LN Thn :;
f is the fugacity, with f*QE, Consequently, a' equilibrius ¢ i o wn,
wyp,” = REayX, = u’f’-z- RTLFy = s £, of coirse Is the fugrcit - the
solute in the vapor when the total pressure is the column ni: 5w ile can

araluate the left hand expression by considerit g the chunge. n <
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3.

potencial through the foliowing succession of ctates from che soli oo
1) Standard State {u =p°, vel, p = P?)‘o

2) Reference State {liquid) = pure liquid under colun pres o

Sa p:)(r'ef) + oy
3) Refereace Stats {vapor) = pl° (ref) ??(g)) I3

% %
4) Gas mixture at low prassure p (pf o x’“(g.’)p—

)
# . )

5) Gas mixture at presuure p , but diluted wioh corr or gus
mole fraction of soiute = ):] {g)* Thie is che comuirsit. ¢
vapor at equilibriun at sone point in the colura,

3) Gas mixture with corposition x,(g) at pras.ure p .

7} Solute in 1.quid phas2 on column, in uquit 'brehuy . i e

cmosﬁt?}on Xwg)o {in liquid phase, mle fraciice of &)

fhe changes in chemlcal potential are:

P
] = 0 & ] © o e O
Aljug “HBepp = W jOVdP=V(5 ")

P
A = 0
uz-B xg ¥
2 Foon 'nfo(ref) .,..},5
8 pauy, = R¥mp = Ainf, = RTL g Ctrei)
1
‘1'1_,,,5 v xo ‘
Tig)
B f‘
A '-"5_6 = RTmfl - F!{tnpx](ig) = RTin ;"“:‘” “;'
¥ E vg)
A u6'7 =0
Sumring these == p » u° = VO F-p°) + 11ln F&Lé ;

]

X

. f o
{eq 4) Loy = in —";"5%;2?7 + %f E-p°)
1'1

(1Y



(2q 5)

fcq €)

9.

There are two fugacities to evaluate in this expression, on Uasr the
very dilute solute in the column vapor at composition x,(g>9 the ciher for
the solute In the reference state at the much larger coumposition Lﬁ](g)°
The custamary expression for fugacities in terms of second viriz -/ fl-
cienis can be applied to each(3)

in ____f,l___ =L'. o(ref)+L__ (yo) JF

- f?(ref) s ( 127y

The dictinction between P?(ref? and the vapor pressure 9? can b rnd
Also p; = xl(g)‘ii. Then, from eq (&),

av=w'£ﬁ‘f:-€i- v e (5°) +E; ((V) .28y,

(1)
To Introduce the experimental property, KVL 5 Everett’ukl”

be used, The thermodynamic theory of the colunn Indicates :ls:

X1(g)
valu: of -%igﬁ applies (Henry's law constant), end the o :-tivi
1

cien:s determined by GLC are Vor the solute at Infinite dilutios

. ‘s .
X, n Vi W
(L) Yy s ) o . o e aui

deflaition Ky et D)
L '(9) G K‘(g)ﬂg . HS

]
of stationary liquid (solvent) in the columa, !&. Is th~ 10l:
n
g

cas phese, and since it is almost pure carrler gas, we car .c2 t

v" ! ﬁ\m ;“1‘

L. RT 2 : -
expansﬁopr “9 - 5 b330 Consequent ly KvL a Ry 0 y

-
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wnofal

Xy (q)PP s B,y B
lim lsg_)_ RT
Therefore X=0 o ° WY 2-0 [1 ..._il.RT 1
x] P] L p!

X P s B

lim i{g) RT n 33

and x-»o&nxpo-—mm,_'yo]*
17 1

- 2
' pP-=Pp
The term { (Y°)2 - Yz 1 can be replaced by ( I -1 =

P
(F-p))° 7 (py)° - 27 P o
- 2 = - 2 » since Y~ is the mole fraction of
P , P

carrier gas in the vapor at pressure E' in the reference state (state 3).

¥, the composition of gas in the column is almost 1,
Finally, we must choose a pressure, 1 atm, to evaluate dLny. Uw] atm

v
-&ny(p) - E‘% (g - 1) , taking the partial molar volume Vl of solute in the

stationary phase to be independent of pressure.

Making these substitutions into (eq 6), we arrive at an equation for {,n'y] atm

RT‘ds v° o° 2p°
Y am " TSLT T tatey) - Y- - 25 (s "2Bj3¥ By ) Ry
1''s
- 0.2
(8, +V° =-V) (py)
'3 V- 1 _
+ 3 T B+ ~ ( 8y, 23‘34-333)

Alternatively, the pressure dependence of (K\IL) (1.e,, of the expcrimenta!

rnet retention volumes) Is
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Ln(.\ul) = ( [ ~tay, atm TN + o Wl -y pt ) a — i?__
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0
Byy * VO -V, (p,)2 ,
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